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© Method for making CMOS devices, 

© In a method for making CMOS devices after 
formation of a well region in the substrate, the active 
regions are delimited by using two active region 
masks, one for the P type regions and one for the N 
type regions. These two masks are also used to 
dope the regions of the substrate and of the well 
where the insulation regions are to be formed. In this 
manner, instead of three masks, one for the defini- 
tion of the active regions and two for implanting 
atoms in the insulation regions, only two masks are 
sufficient. 
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METHOD FOR MAKING CMOS DEVICES 


The present invention relates to a* mettiod for 
making CMOS devices. . 

As is known. Complementary Metal Oxide Sili- 
con (CMOS) technology has been playing for some 
years an important role in the integrated circuit 
industry- In this technology, after creating a deep P 
or N doped region in an originally N or P doped 
substrate, both R-channel and N-channel transistors 
are formed. In this manner it is possible to provide 
logical circuits with a virtually nil power consump- 
tion in stationary conditions. Moreover, among the 
advantages of CMOS structures ohe must mention 
high switching speed, compatibility with bipolar de- 
vices and immunity to radiations. However, besides 
problems of latch-up of parasite SCR structures 
due to the presence of a deep well. CMOS circuits 
are less dense and more complicated than MOS 
integrated circuits which employ only one type of 
transistor. This entails, among other things, the 
need for a greater number of layers forming the 
basic device and most of all of the required mask- 
ings. Typically, in fact an NMOS structure com- 
poses seven layers obtained by using five masking 
steps, while a CMOS structure comprises twelve 
layers and requires ten masking steps. 

, In particular, as will be explained in greater 
detail hereinafter, a method currently used for mak- 
ing CMOS devices generally comprises forming 
the well in a substrate doped in the opposite man- 
ner, definition of the active regions by means of an 
appropriate mask, and two successive masking 
steps for implanting different atoms (typically boron 
and phosphorus) for forming the insulation regions 
with opposite conductivity. The method furthermore 
comprises further steps for forming the source and 
drain regions of the two complementary transistors 
as well as their gates, the metalizations and the 
dielectric layer comprised between the gate re- 
gions and the metalization layers. 

As abova said, the overall method, for making 
CMOS structures thus requires ten masking steps, 
so that the finished CMOS device has preset pro- 
duction costs. 

However, in view of the relatively high cost of 
each masking step, the need is felt to modify the 
basic production method so as to reduce the num- 
ber of manufacturing steps, in particular of the 
masking steps. 

Accordingly, the aim of the present invention is. 
to provide a method for making CMOS devices 
which allows reduction of the production steps, and 
in particular of the masking steps. 

Within this aim. a particular object of the 
present invention is to provide a method which 
comprises method steps which are per se currently 


known and used in the manufacture of integrated 
devices, and which requires the use of machines 
currently in use in the electronics industry. 

Not least object of the present invention is to 
5 provide a method which provides, devices having 
electric behaviour which is comparable or even 
improved with respect to the devices made accord- 
ing to known methods. 

The above aim and objects as well as other 
70 objects which will become apparent hereinafter are 
achieved by a method for making CMOS devices,, 
according to the invention, as defined in the claims. 

The characteristics and advantages of the in- 
vention will become apparent from the description 
;5 of a preferred, but not exclusive, embodiment, illus- 
trated only by way of non-limitative example in the 
accompanying drawings, wherein: 

Figures la to im illustrate various proce- 
dural steps of the method according to the inven- 
20 tion and are cross section views through a semi- 
conductor wafer accommodating the different lay- 
ers- for the obtainment of a CMOS structure, ac- 
cording to the prior art; 

Figure 2 is a cross section view through a 
25 semiconductor wafer accommodating a finished 
CMOS structure; and 

Figures 3a to 3j are cross section views 
through a material wafer illustrating the steps of the 
. method according to the invention. 
30 Reference is initially made to figures la to lm. 

illustrating the fabrication steps according to a 
known method up to forming the field oxide layer. 

In detail,, starting from an N-type silicon wafer 
with orientation (100] and resistivity 2.5-3.5 n cm 
35 (indicated in the figures at 1). an initial oxidation is 
performed which leads to the obtainment of the 
layer 2 (see fig. la) with a thickness -of 1700 A, 
Then a masking step is performed for the definition 
of the P-well, A resist layer is then deposited and. 
40 by means of photolithographic techniques, a win- 
dow is formed (indicated at 20 in figure 1 b) above 
the region where the P well is to be obtained. Then 
boron is implanted, as symbolized by the arrows 4 
in figure lb. showing also the resist mask layer 3, 
45 the window 20. and the thin layer 5 symbolizing the 
implanted boron atoms. Subsequently the oxid 
layer is etched away for removing the part of oxide 
layer 2 which is not covered by the mask 3, thus 
the structure of figure ic is obtained, where the 
50 remaining oxide layer is indicated at 2'. Then the 
implanted ions are thermally diffused to obtain the 
P-well. indicated at 6 in figure Id. During this step 
an oxide layer 7 is formed having a thickness of 
approximat ly 2700 A and covering the upper face 
of the silicon wafer. Then the structure is etched for 
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removing the oxide layer 7. obtaining the structure 
of figure le. Then a second oxidation is performed, 
leading to the formation of an oxide layer 8 (figure 
If) with a thickness of 900 A. Then (see fig. ig) a 
nitride layer SijN*. indicated at 9 in the figure, is 
deposited. Subsequently a masking step is per- 
formed to define the active regions, comprising 
deposition of a resist layer and masking by means 
of photolithographic techniques for the obtainment 
of appropriate windows within the mask. The struc- 
ture of figure ih is thus obtained in which the resist 
portions 10 and the windows 23-25 can be seen. In 
detail, according to the known method, the window 
indicated at 25 arranged astride the P-well region 6 
and the region where the P-channel transistor is to 
be formed, currently has a minimum width of 7 
microns. Then the nitride layer is etched away in 
the regions not covered by the mask 10 for remov- 
ing the regions where boron and phosphorus are to 
be implanted to obtain insulatiori regions. The 
structure of figure 1i is thus obtained, in which 9' 
indicates the remaining nitride portions. Then a 
masking step is carried out for the obtainment of 
the P insulation. A mask is then deposited 
(indicated at 11 in figure lj) which leaves uncov- 
ered only the P-wetl region and any other regions 
where P doped regions are to be formed. Then a 
light boron implant is performed. This step is point- 
ed out in figure 1j. where the arrows 12 symbolize 
the boron implant, while the thin layers 13 symbol- 
ize the implanted boron atoms. As can be seen, 
during this step the nitride layer 9' portion, which 
covers the parts of the silicon wafer accommodat- 
ing the P-well (on the right in the figure), prevents 
implant of boron ions in that region. Then a resist 
mask 14 is deposited, as shown in figure Ik. Nov*^ 
the resist mask 14 covers the P-well region, while 
the nitride layer 9' portion which is not covered by 
the mask 14 prevents the underlying regions from 
being implanted, where the P-channel transistors 
will be formed. Then phosphorus is implanted to 
obtain the N insulation as symbolized in the figure 
by the arrows 15 and by the thin layers 16 in which 
the phosphorus atoms accumulate. Then a thermal 
step is performed to obtain activation of the im- 
planted impurities leading to the diffusion of the 
insulations and the formation of the insulation P 
doped 17 and N doped 18 layers, as illustrated in 
figure 11. Then a field oxidation is performed which 
leads to the formation of the field oxide regions 19 
(figure 1m) with deformation of the nitride portions 
9-. Then the further steps follow for the production 
of the N-channel transistor inside the P-well and of 
the P-channel transistor in the substrate to the left 
of the P-well. 

The complete structure is illustrated, for the 
sake of completeness, in figure 2, comprising, be- 
sides the layers already described and indicated 


by the same reference numerals of figure l . the N 
conductivity type layer 28 defining the drain of the 
N-channel transistor 26. the layer "^29, again of the 
N type defining the source, as well as the gate 

5 layer 30 of the same transistor, and the P type 
lay r 32 which defines the source of the P-channel 
transistor 27, the layer 33. again of the P type, 
which defines the drain and the layer 34 forming 
the gate of this transistor- 27. The dielectric layer 

10 31 and the metalization layer 35 complete the 
structure. 

In its. entirety, the structure of figure 2 th refore 
requires ten masking steps, of which thre , as 
indicated in the description of figure la tp 1m. for 
;5 defining the active regions and for forming the P 
and N insulation regions. 

According to the invention, it is instead possi- 
ble to define the active regions and to form the 
insulation by means of only two masking steps. 
20 The invention initially comprises method steps 

which are identical to those according to the prior 
art, up to the formation of the P-well and to the 
deposition of the nitride layer 9. These st ps have 
not been illustrated, and figure 3a already 
25 illustrates the structure corresponding to figure ig, 
with respect whereto the same reference numerals 
have been kept for the sake of uniformity. Starting 
therefore from the structure comprising the N-type 
substrate l, the P-well region 6. the oxide layer 8 
30 and the nitride layer 9. the main face of the silicon 
wafer is first covered by a resist layer, as indicated 
at 40 in figure 3b. Then masking step is performed 
by the ordinary photolithographic methods which 
lead to the obtainment of the structure illustrated in 
35 figure 3c. showing the remaining resist portions 40' 
which define appropriate windows 41. As can be 
noted, here the windows 41 extend only at the P- 
well in the region where the insulations are to be 
provided, in practice defining the active region of 
40 only the P region. In this case, therefore, the win- 
dows 41 have a length which is substantially equal 
to half the width of window 25 of figure ih. i.e. 3.5 
um r 0.2am. Then the nitride portion arranged at 
the windows 41 is etched away, as illustrated in 
45 figure 3d, where the remaining nitride regions are 
indicated at 109. This mask for defining the active 
region for the P region is then used to implant 
insulating boron. This step is illustrated in fig. 3e, in 
which the arrows 42 symbqlize the boron implant. 
50 while the thin layers 13 symbolize the implanted 
boron atoms, using the same notation of figure ij. 
the resist mask 40' is then removed and photores- 
ist is further deposited, leading to the obtainm nt of 
the layer indicated at 44 in figure 3f. Th n a 
55 masking step follows for the definition of the active 
region of only the N region, according to ordinary 
photolithographic techniques. Thus the structur of 
figure 3g is obtained, wh r in 44' indicates the 
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portions of the resist layer which cover the P-weil 
region and the active region where the P-channel 
transistor is to be formed. Then the exposed nitride 
portions are etched away, forming a window 45 in 
the nitride layer 109. Also in this case the window 
45 has a width • approximately equal to half the 
window 25 of figure ij. and more precisely equal to 
3.5 um r 0.2 um. Then phosphorus is implanted 
for forming of the N insulation. Said implant is 
symbolized in figure 3i by the arrows 46. while the 
small layers 16 indicate here, too, the accumulated 
phosphorus atoms. Then the resist layer 44 is 
removed, thus obtaining the structure of figure 3j 
showing the N-type substrate 1. the P-well region 
6. the small layers 13 and 16 accommodating the 
implanted boron and phosphorus atoms, the cover- 
ing layer 8 as well as the nitride portions 9'. which 
cover the active regions of the N-channel and P- 
channel transistors which are to be formed. This 
structure corresponds to that of figure II and is 
subject to the conventional further steps for manu- 
facturing the device, as described above for for- 
ming the field oxide as well as the source, drain 
and gate regions of the two transistors, and the 
protection and metalization layers. 

As can be seen, according to the method illus- 
trated in figure 3. for defining the active regions 
and forming the insulation regions only two mask- 
ing steps are sufticient, instead of the three re- 
quired by the prior art. This is achieved by sepa- 
rately defining the N-type and P-type active re- 
gions by means of a respective mask which is also 
used for implanting the atoms required to form the 
insulation. In this manner elimination of one mask 
is therefore achieved in the overall process for the 
production of CMOS devices, with the advantages 
related thereto of reduction of the manufacturing 
costs and therefore of the finished product. 

The fact is stressed that the invention also 
allows the achievement of important advantages.. In 
fact, during boron and phosphorus implant for the 
obtainmerit of the P and N insulations, since a 
portion of the resist also covers ttie non-etched 
nitride regions (see figs. 3c and 3e in comparison 
with the respective figures 1j and Ik of the known 
method), a greater screening effectiveness against 
implanted ions is achieved. This therefore allows 
an increase in the implant energy, which leads to 
an increase in the efficiency of the channel-stopper 
below the field oxide. By virtue of the increased 
screening, if the dose of implanted atoms is also 
increased, a rise in the threshold voltage of the 
field parasite transistor occurs, always compatibly 
with the breajcdown voltage required for said tran- 
sistor. 

Though in the process according to th inven- 
tion two separate nitride etchings are required, 
instead of one as in the prior art. the method 


according to the invention is economically more 
advantageous. However, due to the selectivity of 
the first nitride etching on the oxide, said oxide 
(initially 900 A thick) will have a thickness com- 
5 prised between 500 and 700 A after etching, so 
that there is the risk of removing all. the remaining 
oxide in the second nitride etching, if the N-type 
active region mask is badly located. This can lead 
to a phosphorus implant directly on the uncovered 
10 silicon; however this does not constitute a serious 
disadvantage. 

A possible problem may arise from the align- 
ment of the two masks for the separate definition of 
the two active regions. It is therefore necessary to 
IS widen the windows in the nitride, leading to a 
relaxation in the lay-out rules. Accordingly, the di- 
mensions of the active regions are intentionally 
relaxed by an amount which depends on the pro- 
cess being used and on the exposure machines 
20 (typically by an amount approximately equal to 1 
micron) so as to intentionally overlap the two active 
region masks, with a possible phosphorus implant 
oh the uncovered silicon, as above mentioned. 
As is apparent from the previous description, 
25 the invention fully achieves the intended aims. A 
' method has been in fact described which allows 
fabricating CMOS devices with a lower number of 
the required masking steps. The finished device 
substantially has the same electric characteristics 
30 as the devices produced according to the prior art, 
if not even better when the energy and the implant- 
ing doses are increased. 

The invention thus conceived is susceptible to 
numerous modifications and variations., ail of which 
35 are within the scope of the inventive concept. 

In particular, it should be pointed out that the 
same steps are required for forming more transis- 
tors in the same well or more transistors in the 
same substrate region. This is possible, if required, 
40 by implanting, with a same mask, both the impuri- 
ties intended to form the insulation at the edge 
region of the well or the substrate (as illustrated in 
the above embodiment) and the impurities int nded 
to form the insulations between ttie transistors to 
45 be formed in the same well or substrate region. Of 
course in this case a same transistor type (either 
N-channel or P-channel) is formed in a same well 
or substrate region. 

. Furthermore the sequence of the masking and 
so insulation forming steps may be reversed, by first 
defining the active region(s) in the substrate and 
forming the insulation regions therein, and then 
defining the active region(s) in the well(s) and for- 
ming the insulation regions therein. . 
55 fvloreover. all the details may be replaced with 

other technically equivalent elements. 
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Claims 

1. A method for making CMOS devices com- 
prising: 

- in a semiconductor wafer having one main face 
and including a substrate having a first conductivity 
type, forming a well of a second conductivity type, 
substantially opposite to said first conductivity type; 

- masking said mam face of said semiconductor 
wafer for defining active regions of CMOS-transis- 
tors and for forming insulation regions with op- 
posite conductivity types in said substrate and in 
said well at least at lateral edge portions of said 
wefl. and 

• forming at least one N-channel transistor and one 
P-channel transistor in said substrate and in said 
well, charactenzed in that said masking step com- 
prises: 

- on said main face of said semiconductor wafer 
depositing a first mask for defining the active re- 
gion in said well: 

- introducing first conductivity deterrnining impuri- 
ties in said well through first openings in said first 
mask to form the insulation regions of said second 
conductivity type within said well; 

- on said main face of said semiconductor wafer, 
depositing a second mask for defining the active 
region in said substrate. 

- introducing further conductivity determining impu- 
rities in said substrate through second openings in 
said second mask to form the insulation regions of 
said first conductivity type in said substrate and 

- diffusing said first and further impurties in said 
substrate and in said well and forming said insula- 
tion regions. 

. 2. A method according to claim 1, character- 
ized in that said first mask is deposited before said 
second mask. 

3. A method according to claim l, character- 
ized in that said second mask is deposited before 
said first mask. 

4. A method according to one or more of the 
preceding claims, characterized in that said first 
mask deposition step compnses depositing a resist 
layer on said main face of said semiconductor 
wafer, and photolithographically masking said resist 
layer to obtain said first openings in said resist 
layers, said first openings facing said well at edge 
regions thereof and/or inside said well. 

5. A method according to one or more of the 
preceding claims, characterized in that said second 
mask deposition step comprises depositing a resist 
layer on said main face of said semiconductor 
wafer, photolithographically masking said resist lay- 
er to obtain said second openings in said resist 
layer, said second openings facing said substrate 
at regions thereof adjacent and/or not adjacent to 


the edge regions of said well and ai lateral and or 
non-lateral insulation regions of the transistors to 
be formed in said substrate. 

6. A method according to one or more of the 

5 preceding claims, comprising depositing an oxide 
layer above said main face of said semiconductor 
wafer and depositing a nitride layer above said 
oxide layer after said well has been formed, char- 
acterized in that after said masking step and before 

10 said impurities introduction step, the portions of 
said nitride layer facing said openings are etched 
away for defining said active regions. 
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